A new control structure scheme of magnetic levitation motor is presented. Its working principle is introduced, and the mathematical model of the magnetic levitation force is established based on principle of virtual displacement. The distribution characteristics of electromagnetic levitation force and magnetic induction intensity of the motor are analyzed with the finite element method.
Introduction
Magnetic levitation motor is one of the latest technologies of the motor which use magnetic levitation force to do the work of traditional bearings. The old magnetic levitation motor usually uses two sets of threephase windings, one set of windings is used to produce rotating magnetic field, the other set of windings work with the driving one to produce levitation force. This kind of magnetic levitation motor needs occupy large structure space. On the other side, the magnetic levitation motor with a single set of windings is more reasonable, and occupies smaller space. Therefore a AC magnetic levitation motor is proposed, which has a stator with three section structure windings and a rotor using permanent magnet.
The Principle of the New AC Magnetic Levitation Motor
The stator of the new AC magnetic levitation motor has 3 independent controlled windings: a, b, c. and the motor work with three-phase alternating current: A, B, C. As shown in Figure 1 , the phase windings a is composed of A and C phase of three-phase alternating current windings. As the phase windings a, the phase windings b is composed of B and A phase of three-phase alternating current windings, and the phase windings c is composed of C and B phase of three-phase alternating current windings. These three phase windings are connected in a special order, and then they would produce the three-phase rotating magnetic fields which are shown in Figure 2 . Because of the symmetry of these rotating magnetic fields, the resultant force of magnetic pulling force, which produced by these rotating magnetic fields, is 0. Fig.1 the phase windings a of AC magnetic levitation motor Fig. 2 the rotating magnetic fields formed by AC magnetic levitation motor Fig. 3 the magnetic pulling force produced by the phase windings a According to the study of the phase windings a, when the lines i a and i c in the phase windings a has the equal size current Δi x , they would produce the distribution of magnetic pulling force shown as Figure 3 . According to the symmetric distribution of the increased magnetic field about X-axial, the resultant force must follow in the X direction. In the same way, the magnetic levitation force of produced by the phase windings b or c is also along the Y axis or the Z axis. So the control of current increment Δi x ,, Δi y and Δi z can keep the rotor at the center of the balance sections.
The Levitation Force Model of the of the New AC Magnetic Levitation Motor
To neglect the magnetization effect of the iron core, the magnetic pulling force of a single magnetic circuit of the stator windings is analyzed as shown in Figure 4 . Fig. 4 the magnetic pulling force of a single magnetic circuit The area of the core shoe is A 1 = A 2 = A a . The distance between the core shoe and the rotor is a. B a is the magnetic flux density between the core shoe and the rotor. H a is the magnetic field intensity between the core shoe and the rotor. θ 0 is the angle between the center line of the core shoe and the X axis. Then the energy storage between the two core shoes is as follows:
Where V a is the volume of the core shoe. μ 0 is permeability of vacuum. μ r is the relative permeability of the stator. For the small displacement da, A a and B a are usually unchanged. So the formula 2 is derived from the virtual displacement principle. 
Where f is the magnetic levitation pulling force, which is perpendicular to the rotor surface and along the direction of the magnetic field. Therefore
There are 3 effective magnetic paths in the phase windings a (as shown in Figure 3 ). In combination with formula 3, the following formula 4 is gotten. 
B a is the resultant magnetic flux density at the air gap between the core shoe and the rotor, which is composed of the magnetic flux density B pm provided by the permanent magnet in rotor and the magnetic flux density B c provided by the coil. That is B a = B pm + B c .
The calculation process of B pm and B c is as following.
(1) B pm can be regarded as the magnetic flux density of permanent magnet, while the motor works without load [1] .
As shown in Figure 5 , the magnetic flux density of a fan-shaped permanent magnet can be equivalent to the magnetic flux density produced by the coils surrounding the permanent magnet with infinite power, the magnetic flux density is generated by the around equivalent line current at where it is r =R 2 . Fig. 5 the equivalent magnetic field of permanent magnet For the sake of convenience in the computation, the average magnetic flux density in the δ angle of the permanent magnet is finally used for the calculation of the magnetic pulling force. The magnetic flux density calculation is solved by the Laplasse equation of the magnetic scalar φ in the polar coordinates. 
The formula 5 is a differential calculation of the magnetic scalar φ which is distributed in the area with a radius of r between the center line OF and point p which unfold along counter clockwise direction from OF to angle θ. The magnetic permeability at R 2 and R 1 is infinitely large, so the tangential component of magnetic flux density at R 2 and R 1 is 0.
Because the magnetic flux density B = μ 0 H = -μ 0 gradφ, the magnetic flux density of a single coil at R 2 can be calculated. Then from and then the magnetic flux density produced by AB and CD, AD, BC at R 2 is also obtained. ln( ) 1 ; n = (2m + 1)· P, m= 0, 1, 2, 3.... Fig. 6 the equivalent distribution of a set of windings in the stator slot (2) B c is the magnetic field intensity provided by the coil at R 2 , and the coil inside the slot is equivalent to the surface current layer evenly which is distributed in the range of slot β 0 and is attached to the surface of the stator iron core [2] . That is shown in Figure 6 . The coil can be regarded as an ideal coil which is evenly distributed in the range of β 0 . The center line of ideal coil coincides with the actual central line. The actual cross angle of the coil is γ. 
Finite Element Analysis of Levitation Force of the New AC Magnetic Levitation Motor
The parameters of AC magnetic levitation motor modeling are shown in Table 1 . The finite element analysis model is established with the parameters of motor and the structure mesh map of motor motion boundary is shown in Figure 7 . Table 1 Figure 9 is the curve of radial magnetic flux value at the air gap of the motor when it works without load. Figure 10 is the curve of radial magnetic flux value at the air gap of the motor after phase windings a has loaded. According to Figure 8 and Figure 9 , we can see that the distribution interval of magnetic flux peak is 20°. According to figure 9 and figure 10, we can see that the magnetic flux of air gap at the core shoe is obviously increased, and the magnetic flux increase of air gap on the two sides of vertical pole is the most obvious. This conforms to the hypothesis proposed before. Fig. 9 the curve of radial magnetic flux value at the air gap of the motor without load Fig. 10 the curve of radial magnetic flux value at the air gap of the motor after phase windings a has loaded When a set of magnetic levitation winding works in the motor, the rotor magnetic pulling force in Y direction would be noted down, while the displacement of rotor in Y direction is changed. The relationship of the magnetic levitation force and the radial displacement of rotor is shown in Figure 11 . Figure 11 , we can see that the magnetic pulling force increases gradually, while the deviation of the rotor from the center position gets bigger (the air gap in the Y positive direction is reduced). and the curve has a good linearity in the small displacement range.
Conclusions
a new three section structure windings control structure of magnetic levitation motor is presented, which can solve the problem of more space occupied by the excessive windings very well in the magnetic levitation motor. With the help of the finite element analysis, the feasibility of this structure can be obtained. The optimization of this structure needs the further studies in the future.
